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(57) Abstract 

The invention comprises a frequency tracking loop and method of frequency tracking for a digital radio communications system. 
TTie mvention also extends to a digital radio communications receiver which comprises a frequency tracking loop in accordance with 
the mvention, and a mobile- or a portable radio, or a mobile telephone, comprising such a receiver. The frequency tracking loop (100) 
compnses: a mixer (122) for correcting frequency offset of an input radio signal comprising bursts of known data; a frequency offset 
estimator (134), for providmg an estimate of frequency offset; a variable bandwidth filter (142), for providing a filtered signal- an oscillator 

• supplymg the second input of the mixer with a signal whose frequency depends on the filtered signal; the frequency tracking loop 
(100) is adapted to change the bandwidth of the variable bandwidth filter (142) in dependence on at least one characteristic of the currently 
received burst of known data. The frequency tracking loop (100) may be adapted to change the bandwidth of the variable bandwidth 
niter (142) m dependence on the length of the cunrently received burst of known data. The burst of data may be a training sequence. 
The frequency tracking loop and method provide optimum bandwidth for tracking a radio signal which may suffer variable offsets from a 
nominal frequency value. 
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Frequency Tracking Loop and Method of Frequency Tracking 

Technical Field 

5 The present invention relates to the field of radio communication systems. 
Particularly, but not exclusively, this invention relates to radio receivers for 
mobile digital radio communication systems. 

Background 

10 Mobile radio communications systems generally comprise a number of mobile 
or portable radio units. The radio units in a public- or private mobile radio 
communications system are often referred to as 'mobile stations'. The radio 
communication system's infrastructure comprises fixed nodes, termed 'base 
stations', through which mobile stations can communicate. 

15 

Normally, a mobile station is within communication range of a base station. In 
this case, the mobile station will communicate through the base station, this 
mode of operation typically being termed 'trunked mode'. However, some 
mobile radio communication systems allow an individual mobile station to set up 
20 a direct radio link to another mobile station, without the communication link 
passing through the infrastructure of the communication system. This form of 
communication between two mobile stations is referred to as 'direct mode' 
operation. 

25 Mobile stations operating in direct mode have to receive radio signals that 

typically show greater variation in their parameters than radio signals received 
from the infrastructure of the communications system. This is because of 
differences in the signals transmitted from a mobile station in comparison to 
those from a base station of the infrastructure. As an example, the lower quality 

30 clock of a mobile station may cause greater variation in the carrier frequency of 
the signal broadcast by the mobile station in comparison to that from a base 
station. 

The information carried by any digital communications system can only be 
35 recovered after the receiver has first synchronised to the received signal. The 
high frequency signal reaching the receiver will be at a frequency that depends 
on the frequency of an oscillator in the transmitter. A further oscillator in the 
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receiver is used to down-convert the high frequency received signal. Because 
the oscillators in the transmitter and the receiver do not work at precisely the 
same frequency, the down-converted signal in the receiver has a slightly 
different frequency than that which would arise if the two oscillators had 
5 identical frequencies. This mismatch is part of the reason why a synchronisation 
circuit is needed in the receiver, to 'compensate* for the down-converted signal 
not having its ideal, theoretical frequency value. The mismatch will typically vary 
with time. 

10 Thus there is a need in a mobile digital radio system for synchronisation in the 
radio receiver. The state where synchronisation between the receiver and the 
received signal has been attained is often referred to simply as 'lock\ The need 
for accurate synchronisation is particularly great for direct mode operation of 
mobile stations, because of the greater variation in the parameters of the 

15 received radio signals. This applies both to: 

(i) achieving synchronisation when a call is first set up; and 

(ii) maintaining synchronisation during a call. 

In the Terrestrial Trunked radio system (TETRA), direct mode operation is 
20 permitted. A direct mode call is set up by sending two frames (8 slots) of 

synchronisation bursts, which last for 1 13 msec. In terms of the requirements on 
the automatic frequency correction (AFC) algorithm in the receiving radio, the 
radio needs to synchronise to these bursts, in order to start decoding data as 
quickly as possible. After synchronisation at call set up, the receiver must then 
25 maintain synchronisation for the duration of the call. This requires the receiver 
to follow variations in the frequency of the received signal. This action of 
following is often referred to as 'tracking'. The part of the receiver which carries 
this out is the 'tracking loop'. 

30 The synchronisation bursts are an example of a 'training sequence'. A 'training 
sequence' is a sequence of symbols in a communications signal which are 
known to both the transmitter and the receiver. 



35 



Figure 1 shows a prior art arrangement of a frequency tracking loop 10. This is 
a 'feedback' tracking loop. Figure 1 shows a generalised arrangement in order 
to explain the principle of operation of a frequency tracking loop. 
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Briefly, the elements shown in figure 1 are: 

(i) A mixer 22, One input to the mixer, element 20, provides the radio signal 
received by the receiver, which may have been 'down-converted' to 

5 intermediate frequency. This down-converted signal is the 'input' to the 

frequency tracking loop. The oscillator used to down-convert the received high 
frequency signal to intermediate frequency is not shown in figure 1. It is 
however this oscillator which is partly responsible for frequency variations in the 
input signal. The output of the mixer is provided on output 24. 

10 

(ii) A 'data matched' filter 26. The filter is matched to the pulse shape of the 
received signal. This means that it is designed to filter pulses of the shape 
transmitted by the transmitter of the radio system. 

1 5 (iii) A decimation circuit 30. The decimation circuit 30 reduces the number of 
samples supplied to it from the filter 26. Decimation circuit 30 reduces the 
number of samples to one per received pulse. This is enough to identify each 
received pulse. 



20 (iv) A Viterbi & Viterbi Frequency estimator 34. This is a known circuit element, 
which implements a known method of measuring frequency offset. Estimator 34 
uses the training sequences in making the estimate of frequency offset. Other 
prior art arrangements are however known which do not rely on the training 
sequences to achieve this. 

25 

(v) A complex phase determining and scaling circuit 38. 



(vi) Aloop filter 42. 

30 (vii) An oscillator 46. The output of oscillator 46 is fed back on output 48 to 
provide the second input to mixer 22. 

The purpose of the circuit shown in figure 1 is to 'track' variations in the 
frequency of the input signal. Elements (ii)-(vi) drive oscillator 46 to generate a 
35 signal which matches the frequency of the input signal. As there is a time delay 
in the oscillator generating a signal that has the same frequency as the input to 
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the frequency tracking loop, the 'following' action provided by the whole 
frequency tracking loop is not instantaneous. 

In operation of the feedback tracking loop, the frequency estimator 34 and 
5 phase and scaling block 38 give an estimate of the frequency offset from the 
current input. This estimate will be noisy. 

The noisy estimates are passed through the loop filter 42. which reduces the 
noise and defines the transient response of the frequency tracking loop 10. 

10 

The bandwidth chosen for the loop filter 42 is a compromise between two 
requirements. One of these is the requirement to reject noise. This dictates that 
the loop filter 42 have a narrow bandwidth. The other requirement is that the 
frequency tracking loop 10 be able to track a changing input frequency. This 
15 dictates that the loop filter 42 have a wide bandwidth. Clearly these 
requirements set conflicting conditions on the loop filter 42. 

Frequency tracking loops of the prior art are known, which switch the bandwidth 
of the tracking filter during acquisition of a signal. A wide bandwidth is used to 
20 acquire the signal, and the bandwidth of the loop filter is narrowed during 
tracking. 

Frequency tracking loops are also known in the prior art which adapt the loop 
filter bandwidth in dependence on the size of the estimate of frequency. 
25 However, adaptation of the loop is based on the measurement of the error 
between the currently received and currently generated frequencies. This 
measurement itself may be in error and can lead to an adaptation that 
suppresses the wanted signal. 



30 



A need exists to alleviate problems of the arrangements known from the prior 
art. One particular problem addressed by the present invention is to provide 
optimum frequency tracking in a feedback tracking loop. 
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Summary of the Invention 

The invention comprises a frequency tracking loop for a digital radio 
communications system. The frequency tracking loop comprises: 

5 

(i) a means for correcting frequency offset, the means for correcting frequency 
offset receiving an input radio signal comprising bursts of known data at a first 
input, and supplying an output signal; 

10 (ii) a frequency offset estimator, supplied with the output signal from the means 
for correcting frequency offset, for providing an estimate of the frequency offset 
of the output signal; 

(iii) a variable bandwidth filter, supplied with the estimate of the frequency offset 
15 from the frequency offset estimator, for providing a filtered signal; 

(iv) a signal generating means, supplied with the filtered signal from the variable 
bandwidth filter, for generating an output signal with a frequency dependent on 
the filtered signal, the output signal from the signal generating means being 

20 supplied to a second input of the means for correcting frequency offset, 

wherein the frequency tracking loop is adapted to change the bandwidth of the 
variable bandwidth filter in dependence on at least one characteristic of the 
currently received burst of known data. 

25 The frequency tracking loop may be adapted to change the bandwidth of the 
variable bandwidth filter in dependence on the length of the currently received 
burst of known data. 

The invention also extends to a digital radio communications receiver which 
30 comprises a frequency tracking loop in accordance with the invention, and a 
mobile- or a portable radio, or a mobile telephone, comprising such a receiver. 



wo 00/51237 



6 



PCT/EPOO/01734 



The invention also comprises a method of frequency tracking for a digital radio 
communications system. The method of frequency tracking comprises; 

5 (i) in a means for correcting frequency offset, receiving an input radio signal 
comprising bursts of known data; 

(ii) estimating the frequency offset of the output signal from the means for 
correcting frequency offset, to provide an estimate of frequency offset; 

10 

(iii) filtering the estimate of frequency offset with a variable filtering bandwidth, to 
provide a filtered signal; 

(iv) generating a signal having a frequency dependent on the filtered signal, to 
15 provide a generated signal; 

(v) correcting the frequency of the input radio signal in the means for correcting 
frequency offset, using the generated signal; 

20 wherein the variable filtering bandwidth depends on at least one characteristic of 
the currently received burst of known data. 

The method of frequency tracking may further comprise changing the bandwidth 
of the variable bandwidth filtering in dependence on the length of the currently 
25 received burst of known data. 

The invention provides an adaptive frequency tracking loop and method of 
frequency tracking, which have optimised frequency tracking. This tracking 
provides rapid and precise automatic frequency control within the feedback 
30 tracking loop in response to changes in the input frequency to the loop. The 
adaptive loop has better performance than conventional techniques. The 
frequency tracking loop has a better chance than prior art circuits of maintaining 
lock when the signal level is low. 

35 The invention is particularly advantageous for a digital radio communications 
receiver operating in direct mode. 
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Brief description of the drawings 
Figure 1 illustrates a prior art frequency tracking loop. 

5 

Figure 2 illustrates in detail one embodiment of a frequency tracking loop in 
accordance with the invention. 

Figure 3 illustrates one embodiment of a method of frequency tracking in 
10 accordance with the invention, in the form of a flow chart. 

Detailed description of the preferred embodiment 

Figure 2 illustrates one embodiment of a frequency tracking loop in accordance 
with the invention. The frequency tracking loop of figure 2 Is an adaptive loop. 

15 The circuit of figure 2 is a frequency tracking loop 100 for a digital radio 

communications system. The Input to the frequency tracking loop is a received 
radio signal. The signal input to the frequency tracking loop may have been 
converted into an intermediate frequency signal and then to base-band prior to 
reaching frequency tracking loop 100. Alternatively, the input signal may have 

20 been directly converted from high frequency down to base-band in a direct 

converter. The input radio signal comprises bursts of known data. In a TETRA or 
GSM signal, these bursts of known data are the training sequences. 

The received radio signal is supplied to the first input 120 of a mixer 122 in the 
25 embodiment of figure 2. However, other means for correcting frequency offset, 
such as for example a complex multiplier, could be used here. Mixer 122 
supplies an output signal on output 1 24. 

The signal on output 124 is fed to matched filter 126, and then to a decimation 
30 circuit 130. 

After decimation, the signal may be fed to circuit element 154. Element 154 
serves to extract the training sequences from the signal. These training 
sequences are used by element 134. a Viterbi & Viterbi Frequency estimator. 
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Frequency estimator 134 provides an estimate of the frequency offset of the 
output signal from the mixer. An element corresponding to element 154 may also 
be used in the prior art arrangement of figure 1 . but was not shown there for 
reasons of clarity of illustration. 

5 

The estimate of the frequency offset is fed to a complex phase and scale circuit 
138, and then to a variable bandwidth filter 142. The variable bandwidth filter 142 
provides a filtered signal on output 144. 

10 The filtered signal on output 144 is fed to an oscillator 146. Typically, oscillator 
146 is a voltage controlled oscillator. However, any signal generating means that 
is suitable for generating an output signal with a frequency that depends on the 
filtered signal could be used here. 

15 The output signal from oscillator 146 is supplied to a second input 148 of the 

mixer 122. This enables mixer 122 to correct the frequency of the input signal on 
input 120. 

The frequency tracking loop of the invention is adapted to change the bandwidth 
20 of the variable bandwidth filter 142 in dependence on at least one characteristic 
of the currently received burst of known data. In accordance with the invention, 
the frequency tracking loop automatically adapts the bandwidth of the loop filter 
142. Therefore the frequency tracking loop is 'adaptive'. 

25 In the particular an^angement shown in figure 2, means 150 provide symbol and 
frame timing information to the whole frequency tracking loop 100. In accordance 
with the invention, means 150 determines the type of burst of known data 
received in a slot of the input radio signal. Means 150 can then supply a signal to 
the variable bandwidth filter 142 identifying the type of burst of known data. The 

30 type of burst indicates how many a priori known data symbols are contained 
within the burst. This information allows adjustment of the bandwidth of the 
variable bandwidth loop filter on the basis of the length of known data within the 
received burst. 



35 



The effect of varying the bandwidth of variable bandwidth filter 142 in 
accordance with the invention can be understood by considering the operation of 
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frequency estimator 134. As explained in connection with figure 1. the frequency 
estimator 34, 134 in the frequency tracking loop derives an estimate of the 
frequency of the signal output by the mixer. The frequency estimator 134 in the 
arrangement of figure 2 uses the training sequences to make this estimate. 

5 

The signal to noise ratio of the frequency estimate provided by frequency 
estimator 134 is approximately proportional to the number of known symbols 
used to derive the estimate. Therefore the bandwidth of the variable bandwidth 
loop filter can be optimised to the signal to noise ratio of the output signal from 
10 the frequency estimator 134 by changing the bandwidth in dependence on the 
number of symbols in the received known data sequence. As explained in detail 
below, the TETRA and GSM systems use training sequences whose type 
indicates the number of symbols which they contain. 

15 Various detailed arrangements of the invention satisfy the underlying principle of 
the invention. The invention may be arranged with a frequency tracking loop that 
is adapted to provide a variable bandwidth filter with a relatively wide bandwidth 
on receiving a long burst of known data, and a relatively narrow bandwidth on 
receiving a short burst of known data. The bandwidth may be made proportional 

20 to the length of the currently received burst of known data. 

The function of circuit element 1 50 is now considered. A receiver of digital data 
normally has circuitry for recovering the symbols and frames of the received 
signal. This circuitry provides symbol and frame timing information to the 

25 receiver. In fact, the training sequences in the received signal are normally used 
to facilitate this recovery. Typically, the bits of the known training sequence are 
compared in a correlator with each successive group of bits of the received radio 
signal. When the correlation is a maximum, this indicates that the group of bits of 
the received signal corresponds to the training sequence. Since the receiver 

30 knows where in a frame of data the training sequences are located, this 

correlation technique provides the required information about the start and finish 
of the frame, and hence the frame timing. In making the correlation 
determination, the correlator cleariy also identifies which type of training 
sequence is contained in the received radio signal. Therefore element 150 can 

35 provide both information about the timing of the training sequences to element 
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134 in figure 2, and infomiation about the specific type of training sequence 
received to variable bandwidth filter 142. 

Although figure 2 shows a specific arrangement for implementing the teaching of 
5 the present invention, the invention is of wider scope than this single 
embodiment. In the arrangement shown In figure 2, means 150 supplies 
information about the type of burst to the loop filter 142. However, means 150 
may simply determine the number of symbols making up the burst of known 
data. Means 150 could then supply this information to the variable bandwidth 
10 filter 142. Alternatively, means 150 could supply a control signal to the variable 
bandwidth filter, setting the bandwidth of the filter in dependence on the number 
of known symbols contained within the burst. The number of symbols and their 
location is defined by the type of burst, which is determined by identifying the 
training sequence. 

15 

GSM and TETRA radio systems are now considered, in order to provide a 
numerical example of a practical implementation of the invention. Both GSM 
mobile telephone systems and TETRA radio systems employ training 
sequences. Motorola's TETRA compliant radio system is the 'Dimetra' system. 
20 When Dimetra subscribers operate in direct mode, the automatic frequency 

control loop derives its estimate of frequency offset from the training sequences 
in the received bursts. 

TETRA direct mode communication uses two types of training sequence, i.e. 
25 bursts of known data, during a call. These are the 'synchronisation bursf (DSB) 
and the 'normal burst' (DNB). 

For the DSB burst, the known training sequences are a 6 symbol preamble, a 19 
symbol training sequence and a 40 symbol frequency correction sequence. The 
30 data burst therefore comprises a total of 65 symbols. 

For the DNB burst, the known training sequences are a 6 symbol preamble and 
an 1 1 symbol training sequence. The data burst therefore comprises a total of 17 
symbols. 

35 
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Therefore we can expect estimates derived from the DSB bursts to have an 
average signal to noise ratio 65/17 times better than the estimates derived from 
the DNB bursts. 

5 In the particular example of a TETRA system, the inventive frequency tracking 
loop can adjust the bandwidth of the loop filter in dependence on whether either 
a DSB or a DNB has been received. 

When a DSB has been received, the loop bandwidth can be made wider than for 
10 a DNB. for example 65/17 times wider. The noise performance of the loop will 
not suffer significantly, but its ability to track changing frequencies will be 
enhanced. 

The arrangement of the invention is valid for other lengths of data burst than the 
15 example of DSB and DNB data bursts explained here. 

This example provided a bandwidth for the variable frequency filter which was 
65/17 times wider in the case of a DSB burst than a DNB burst. However, the 
invention extends to other tracking loops, particularly those with a filter 
20 bandwidth for a larger burst that is greater then the bandwidth for a smaller burst 
by a factor equal to the ratio of the number of symbols in two different types of 
known data burst. 

The frequency tracking loop may advantageously be used in a receiver for a 
25 digital radio communications system. The receiver Incorporating the frequency 
tracking loop of the invention may be employed in a mobile- or a portable radio, 
or a mobile telephone. 

Figure 3 shows a method of frequency tracking in accordance with the invention, 
30 in the form of a flow-chart 300. 

The method of frequency tracking of figure 3 for a digital radio communications 
system comprises steps 310-350. 

35 In step 310, a means for correcting frequency offset receives an input radio 

signal comprising bursts of known data. These bursts of known data are typically 
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the TETRA training sequences explained above. The means for correcting 
frequency offset may comprise, for example, a mixer or a complex multiplier. 

Step 320 of the method comprises estimating the frequency offset of the output 
5 signal from the means for correcting frequency offset. This step provides an 
estimate of frequency offset of the received radio signal. 

In step 330, the estimate of frequency offset is filtered with a variable filtering 
bandwidth, to provide a filtered signal. The variable filtering bandwidth used 
10 depends on at least one characteristic of the currently received burst of known 
data. 



Step 340 comprises generating a signal having a frequency dependent on the 
filtered signal from step 330, to provide a generated signal. Typically, an 
1 5 oscillator may generate this signal. 

Step 350 comprises correcting the frequency of the input radio signal in the 
means for correcting frequency offset, using the signal generated in step 340. 

20 Although step 350 is shown separately from step 310 in figure 3, these steps are 
both performed in the mixer. See element 122 of figure 2. Once a first estimate 
of the frequency offset has been found therefore, step 350 can be considered to 
link back into step 310. This is not illustrated in figure 3 for simplicity. 

25 In further preferred embodiments of the method of the invention, step 330 may 
further comprise changing the bandwidth of the variable bandwidth filtering in 
dependence on the length of the currently received burst of known data. The 
change of bandwidth may be such as to provide variable bandwidth filtering with 
a relatively wide bandwidth on receiving a long burst of known data, and 

30 providing variable bandwidth filtering with a relatively narrow bandwidth on 

receiving a short burst of known data. The bandwidth of the variable bandwidth 
filter may be made proportional to the length of the currently received burst of 
known data. 



35 



The frequency tracking loops and methods of the prior art do not make use of 
the expected signal to noise ratio of the individual estimates of frequency offset. 
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based upon the type of input data burst, to adapt the bandwidth of the loop filter. 
Thus these prior art arrangements do not have the advantage of the invention, 
that the tracking performance is improved without impacting on robustness to 
noise. 
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Claims 

1 . A frequency tracking loop for a digital radio communications system, the 
frequency tracking loop comprising: 

(1) a means for correcting frequency offset, the means for correcting frequency 
offset receiving an input radio signal comprising bursts of known data at a first 
input, and supplying an output signal; 

(il) a frequency offset estimator, supplied with the output signal from the means 
for correcting frequency offset, for providing an estimate of the frequency offset 
of the output signal; 

(iii) a variable bandwidth filter, supplied with the estimate of the frequency offset 
from the frequency offset estimator, for providing a filtered signal; 

(iv) a signal generating means, supplied with the filtered signal from the variable 
bandwidth filter, for generating an output signal with a frequency dependent on 
the filtered signal, the output signal from the signal generating means being 
supplied to a second input of the means for correcting frequency offset, 
wherein the frequency tracking loop is adapted to change the bandwidth of the 
variable bandwidth filter in dependence on at least one characteristic of the 
currently received burst of known data. 

2. A frequency tracking loop in accordance with claim 1 , 

wherein the means for correcting frequency offset comprise a mixer or a complex 
multiplier, and the signal generating means comprise an oscillator. 

3. A frequency tracking loop in accordance with claim 1 or claim 2, 

wherein the frequency tracking loop is adapted to change the bandwidth of the 
variable bandwidth filter in dependence on the length of the currently received 
burst of known data. 

4. A frequency tracking loop in accordance with any previous claim. 

wherein the frequency tracking loop is adapted to provide the variable bandwidth 
filter with a relatively wide bandwidth on receiving a long burst of known data, 
and to provide the variable bandwidth filter with a relatively narrow bandwidth on 
receiving a short burst of known data. 
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5. A frequency tracking loop in accordance with any previous claim, 

wherein the frequency tracking loop is adapted to provide the variable bandwidth 
filter with a bandwidth proportional to the length of the currently received burst of 
known data. 

5 

6. A frequency tracking loop in accordance with any previous claim, 
wherein the bursts of known data comprise one or more synchronisation bursts 
and one or more normal bursts, the frequency tracking loop being adapted to 
provide the variable bandwidth filter with a larger bandwidth for the 

1 0 synchronisation burst than for the normal burst, the bandwidth for the 

synchronisation burst being larger than that for the normal burst by a factor equal 
to the ratio of the number of symbols in the synchronisation and normal bursts. 

7. A frequency tracking loop in accordance with claim 1 or claim 2, 
1 5 further comprising means for: 

(i) determining the type of burst of known data received in a slot of the input 
radio signal; and 

(ii) supplying a signal to the variable bandwidth filter identifying the type of burst 
of known data. 

20 

8. A frequency tracking loop in accordance with claim 1 or claim 2, 
further comprising means for: 

(i) determining the type of burst of known data and the number of symbols 
making up the burst of known data; and 
25 (ii) supplying a control signal to the variable bandwidth filter setting the 
bandwidth of the filter in dependence on the number of symbols. 

9. A receiver for a digital radio communications system, the receiver comprising 
a frequency tracking loop in accordance with any previous claim. 

30 

10. A mobile- or a portable radio, or a mobile telephone, comprising a receiver in 
accordance with claim 9. 
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1 1 . A method of frequency tracking for a digital radio communications system, 
the method of frequency tracking comprising: 

(i) in a means for correcting frequency offset, receiving an input radio signal 
comprising bursts of known data; 

(ii) estimating the frequency offset of the output signal from the means for 
correcting frequency offset, to provide an estimate of frequency offset; 

(iii) filtering the estimate of frequency offset with a variable filtering bandwidth, to 
provide a filtered signal; 

(iv) generating a signal having a frequency dependent on the filtered signal, to 
provide a generated signal; 

(v) correcting the frequency of the input radio signal in the means for correcting 
frequency offset, using the generated signal; 

wherein the variable filtering bandwidth depends on at least one characteristic of 
the currently received burst of known data. 

12. A method of frequency tracking in accordance with claim 11. 

further comprising changing the bandwidth of the variable bandwidth filtering in 
dependence on the length of the currently received burst of known data. 

13. A method of frequency tracking in accordance with claim 1 1 or claim 12, 
further comprising providing variable bandwidth filtering with a relatively wide 
bandwidth on receiving a long burst of known data, and providing variable 
bandwidth filtering with a relatively narrow bandwidth on receiving a short burst 
of known data. 

14. A method of frequency tracking in accordance with any of claims 11-13. 
further comprising providing the variable bandwidth filter with a bandwidth 
proportional to the length of the currently received burst of known data. 

15. A frequency tracking loop for a digital radio communications system 
substantially as hereinbefore described with reference to, or as illustrated by, 
figure 2 of the drawings. 
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(iv) if. in addition to the agent (s) indicated in Box No. IV, there are further agents: in such case, write "Continuation of Box No. IV" and 
indicate for each further agent the same type of information as required in Box No. IV; 

(v) if, in Box No. V, the name of any State (or OAPI) is accompanied by the indication "patent of addition, " or "certificate of addition, " 
or if, in Box No. V, the name of the United States of America is accompanied by an indication "continuation" or "Continuation-in-part": in 
such case, write "Continuation of Box No. V" and the name of each State involved (or OAPI), and after the name of each such State (or OAPI), 
the number of the parent title or parent application and the date of grant of the parent title or filing of the parent application; 

(vi) if in Box No. VI, there are more that three earlier applications whose priority is claimed: in such case, write "Continuation of Box 
No. VI" and indicate for each additional earlier application the same type of information as required in Box No. VI. 

(vii) if, in Box No. VI, the earlier application is an ARIPO application: in such case, write "Continuation of Box No VI", specify the 
number of the item corresponding to that earlier application and indicate at least one country party to the Paris Convention for the Protection of 
Industrial Property for which that earlier application was filed. 

2. If with regard to the precautionary designation statement contained in Box No. V. the applicant wishes to exclude any State(s) from the 
scope of that statement: in such case, write " Designation(s) excluded from precautionary designation statement" and indicate the name or two- 
letter code of each State so excluded 

3. If the applicant claims, in respect of any designated Office, the benefits of provisions of the national law concerning non-prejudicial 
disclosures or exceptions to lack of novelty: in such case, write "Statement concerning non-prejudicial disclosures or exceptions to lack of 
novelty" and furnish that statement below 



Continuation of Box No. IV 

TRELEVEN, Colin 
IBBOTSON, Harry 
MORGAN, Marc 
POTTS, Susan 
DUNLOP, Hugh 



All above attorney s/agents are members of Motorola, Inc., Intellectual Property 
Department and have the same address, telephone number and telegraphic address 
as indicated in Box IV. 



Form PClVRO/lOl (supplemental sheet) (July 1998) 



^ee Notes to the request form 



Box No. VI 



PRIORITY CLAIM 



Sheet number 4 



Further priority claims are indicated in the Supplemental Box | | 



Priority of the following earlier application(s) is claimed: 



Office where earlier application filed 
National application = country; 
regional application = regional 

Office 



International application = 
receiving Office 



hiling Date 
of earlier application 
( day/mon th/year) 



Number 
of earlier application 



"GB" 



item (1) 26 February 1999 



9904437.2 



Item (2) 



Item (3) 



I I The receiving Office is requested to prepare and transmit to the Intemational Bureau a certified copy 

of the earlier application(s) (only if the earlier application w^as filed with the Office which for the 

purposes of the present intemational application is the receiving Office) identified above as item(s): 

* Where the earlier application is an ARIPO application, it is mandatory to indicate in the Supplemental Box at least one country party to the 
Paris Convention for the Protection of Industrial Property for which that earlier application was filed (Rule 4.10(b)(ii). See Supplemental Box. 



Box No. yil INTERJVATiONAL SEARCHING AU IHORIIIT 

Choice of International Searching Authority (ISA) (if two or more International Searching Authorities ~ 
are competent to carry out the international search, indicate the Authority chosen; the two-letter code may be used): IS A/ EP 

Request to use results of earlier search; reference to that search (if an earlier search has been carried out by or requested from the 
International Searching Authority): 



Date (day/month/year) 



Number: 



Country (or regional office): 



Box No. VIII 



CHECK LIST; LANGU AGE OF FILING 

ITiis international application is accompanied by the item(s) marked below: 



i his mtemational application contains 



the following number of 


sheets: 




1 


1 . request : 


4 


sheets 




2. description (excluding 






2 


sequence listing part) : 


13 


sheets 




3. claims : 


3 


sheets 




4. abstract : 


1 


sheets 


3 


5. drawings : 


2 


sheets 




6. sequence listing part 






4 


of description : 




sheets 




Total 


23 


sheets 


5 



_ fee calculation sheet 

. □ separate signed 

power of attorney 
. □ copy of general 

power of attorney 
. □ statement explaining 

lack of signature 
. □ priority document(s) identified 
in Box No. VI as item(s): 



, □ translation of intemational 
application into (language): 



7. Q separate indications concerning 

deposited microorgs./biological mat. 

8. □ nucleotide and/or amino acid 

sequence listing in computer 
readable form 

9. □ other (specify): copy, U.S. 

assignment 



Figure No. _2_ of the drawings (if any) should accompany the abstract when it is publisheT 
Language of tiling of the intemational application: HN 



Box No. IX SIGNATURE OF APmCANT OR AGF NT " 

Next to each signature, indicate the name oj the person signing and the capacity in which the person signs (ij such capacity is not obvious Jrom 
reading the request). 



LAURA LITCHFIED 



For receiving Uftice use only 


1 . Date of actual receipt of the purported 
intemational application: 


2. Drawings: 

1 1 received: 

1 1 not received: 


3 . Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported intemational application: 


4. Date of timely receipt of the required 
corrections under PCT Article 11(2): 


5. Intemational Searching Authority 

specified by the applicant: ISA/ 


6. Q Transmittal of search copy 
delayed until search fee is 

paid 


For 1 


ntemational Bureau use only 


Date of receipt of the record copy 
by the Intemational Bureau: 



This sheet is not part of and does not count as a sheet of the intemational application. 



PCI ' ^ 

FEE CALCULATION S1^^>T 
Annex to the Request 


International application ^^^^ 


Applicant's or agent's 

file reference CM00565P/PCT 


Date Stamp of the receiving Office 


Applicant 

Motorola Limited 




CALCULATION OF PRESCRIBED FEES 

1. TRANSMITTAL FEE 200 DM QT] 

2. SEARCH FEE 2200 DM fS^ 
International search to be carried out by ISA/ EP 

{If two or mors IntCT'ticitioncil Scorching Authorities ore competent in relation to the international 
application, indicate the name of the Authority which is chosen to carry out the international 
search.) 

3 . INTERNATIONAL FEE 
Basic Fee 

The international application contains 23 sheets. 

first 30 sheets 800 DM | bi | 

1 r 

0 X = 0 1 b2 |_ 


remaining sheets additional amount 
Add amounts entered at bj and b2 

and enter total at B 800 DM 
Designation Fees 

8 X 184 1472DM | D | 




number of designations amount of designation fee 
payable (maximum JO) 

Add amounts entered at B and D and enter total as I | 1 | 

(Applicants from certain States are entitled to a reduction of 75% 

of the international fee. Where the applicant is (or all applicants are) 

so entitled the total to be entered at I is 25% of the sum of the amounts 
entered at B and D.) 

4. FEE FOR PRIORITY DOCUMENT (if applicable) [T] 

5 . TOTAL FEES PAYABLE 

Add amounts entered at T, S, I and P, 

and enter total in the TOTAL box 4672 DM 

TOTAL 1 




1 1 The designation fees are not paid at this time. 


MODE OF PAYMENT 

[X\ authorization to charge □ bank draft Q coupons 

deposit account (see below) 
1 1 cheque □ cash Q other (specify): 

1 1 postal money order Q revenue stamps 


DEPOSIT ACCOUNT AUTHORIZATION 

The RO/ EP [X| is hereby authorized to charge the total fees indicated above to my deposit account 

[X\ is hereby authorized to charge any deficiency or credit any overpayment in the total fees indicated 

above to my deposit account, 
pq is hereby authorized to charge the fee for preparation and transmittal of the priority document to the 

International Bureau of WIPO to my deposit account. 

28050071 25 February 2000 \ AJ^AJ^^KAAT^^ 


Deposit Account Number Dato (day/month/year) Signature LAURA LITCHFIED 



Form PCr/RO/101 (Annex) (July lyyS) See Notes to the fee calculation sheet 



PATENT CCXDPERATION TREA 

D 

09/9134 



From the 

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



To: 

MORGAN, M. 
MOTOROLA 

European Intellectual Property 
Operations 

Midpoint, Alencon Link 
Basingstoke 
Hannpshire RG21 7PL 
GRANDE BRETAGNE 




NOTIFiCATIOW^^WBAWeWnTTAL OF 
THE INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 

(POT Rule 71.1) 



Date of mailing 
(day/month/year) 



30.11.2000 



Applicant's or agent's file reference 
CM00565P/PCT 


IMPORTANT NOnFICAnON 


International application No. 
PCT/EPOO/01734 


International filing date (day/month/year) 
25/02/2000 


Priority date (day/month/year) 
26/02/1 999 


Applicant 

MOTOROLA LTD. et al. 



1 . The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminary examination report and Its annexes, if any, established on the international application. 

2. A copy of the report and its annexes, if any. Is being transmitted to the International Bureau for communication 
to all the elected Offices. 



3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of the 
report (but not of any annexes) and will transmit such translation to those Offices. 

4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article 
39(1)) (see also the reminder sent by the International Bureau with Form PCT/IB/301). 



Where a translation of the international application must be furnished to an elected Office, that translation must 
contain a translation of any annexes to the international preliminary examination report. It is the applicant's 
responsibility to prepare and furnish such translation directly to each elected Office concerned. 



For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the 
POT Applicant's Guide. 



\^ CX I MM. 



DOCKETED 
ElPO 

-6 DEC 2000 



Name and mailing address of \\\e I PEA/ 



European Patent Office 
D-80298 Munich 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 



Authorized officer 
Rohner. M 

TeI.+49 89 2399-2294 



1 



Form PCT/IPEA/416 (July 1992) 



09/913418 

ENT COOPERATION TREj 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 




Applicant's or agent's file reference 


See Notification of Transmittal of International 


CM00565P/PCT 


FOR FURTHER ACTION Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. 


Intemational filing date (day/month/year) 


Priority date (day/month/year) 


PCT/EPOO/01734 


25/02/2000 


26/02/1999 


International Patent Classification (IPC) or national classification and IPC 




H03J7/04 






Applicant 






MOTOROLA LTD. et al. 







1 . This international preliminary examination report has been prepared by this Intemational Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 7 sheets, including this cover sheet. 

□ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the POT). 

These annexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 



1 


IS 


II 


□ 


III 




IV 


□ 


V 




VI 


□ 


VII 




VIM 





citations and explanations suporting such statement 
Certain documents cited 
Certain defects in the international application 
Certain observations on the international application 



Date of submission of the demand 
04/09/2000 


Date of completion of this report 
30.11.2000 


Name and mailing address of the intemational 
preliminary examining authority: 

^ European Patent Office 
D-80298 Munich 
^/ Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 


Authorized officer 

Kurzbauer, W (f ^ j) 

Telephone No. +49 89 2399 7479 ^^-S^S^ 



Form PCT/IPEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/EPOO/01 734 



I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70, 1 7).): 
Description, pages: 

1-13 as originally filed 

Claims, No.: 

1-15 as originally filed 

Drawings, sheets: 

1/2-2/2 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the International application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 



Form PCT/IPEA/409 (Boxes l-VUI, Sheet 1) (July 1998) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/E POO/0 1734 



the drawings, 



sheets: 



5. □ This report has been established as if (sonne of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional obsen/ations, if necessary: 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non-obvious), 
or to be industrially applicable have not been examined in respect of: 

n the entire international application. 
H claims Nos. 15. 



□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination (specify): 

H the description, claims or drawings (indicate particular elements belov\^ or said claims Nos. 15 are so unclear 
that no meaningful opinion could be formed {specif}/): 
see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2. A meaningful international preliminary examination report cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-14 



because: 



Form PCT/IPEA/409 (Boxes t-Vtll, Sheet 2) (July 1998) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/EPOO/01 734 



No: 



Claims 



Inventive step (IS) 



Yes: 
No: 



Claims 1-14 
Claims 



Industrial applicability (lA) Yes: Claims 1 -1 4 

No: Claims 



2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following obsen/ations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 



Form PCT/lPEA/409 (Boxes I-VIII. Sheet 3) (July 1998) 




INTERNATIONAL PRELIMINARY International application No. PCT/EPOO/01 734 
EXAMINATION REPORT - SEPARATE SHEET 

Re Item III 

Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

1. In claim 15 reference is made to Figure 9. According to Rule 6.2 PCT claims shall 
not rely on such references. 

Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

2. Reference is made to the following document: 

D1: US-A-4 691 176 (HSIUNG CHI A Y ET AL) 1 September 1987 (1987-09-01) 

3. The subject matter of claim 1 concerns a frequency tracking loop for a digital radio 
communications system. The posed problem is to provide optimum frequency 
tracking in a feedback tracking loop. 

The document D1 is regarded as being the closest prior art to the subject-matter 
of claim 1 insofar as this claim can be understood (see Section VIII). 
Document D1 discloses an adaptive carrier circuit for receiving pulse code 
modulated communications. A frequency tracking loop for eliminating a frequency 
offset is also disclosed. 

However, the methods and circuits disclosed in document D1 do not comprise a 
circuit, where the output of a frequency offset estimator is filtered by a variable 
bandwidth filter and where the bandwidth of said filter is adapted in dependence of 
at least one characteristic of a received burst of a training sequence and no 
argumentation could be found why a person skilled in the art knowing D1 would 
modify the disclosed circuit and add features such that he arrives at the subject 
matter of claim 1 . 

A similar reasoning is also valid for the corresponding method claim 1 1 which 
claims essentially the same features as claim 1 . 

Consequently, claim 1 and claim 11 fulfill the requirements of the PCT 



Form PCT/Separate Sheet/409 (Sheet 1) <EPO-ApriI 1997) 



INTERNATIONAL PRELIMINARY International application No. PCT/EPOO/01 734 
EXAMINATION REPORT - SEPARATE SHEET 



concerning novelty and inventive step. 

4. Claims 2 to 10 are dependent on claim 1 and claims 12 to 14 are dependent on 
claim 1 1 . These dependent claims therefore also fulfill the requirements of the 
PCT concerning novelty and inventive step. 

Re Item VII 

Certain defects in the international application 

5. The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

6. Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the document D1 is not mentioned in the description, nor is this 
document identified therein. 

Re Item Vill 

Certain observations on the international application 

7. It is not clear in claims 1 and 11 (and in the corresponding dependent claims) 

what is meant by the term 'known data' (Article 6 PCT). 

As each input signal, apart from noise, represents, in fact, known data, the reader 
is left in doubt what is actually meant by the term. 

It is therefore suggested to replace the term 'known data' by 'training sequence' 
as described on page 3, line 22 in the description part of the application. 

Miscellaneous 

When filing amended claims the applicant should at the same time bring the 
description into conformity with the amended claims (Rule 5.1(a)(iii) PCT). 

Care should be taken during revision not to add subject-matter which extends 
beyond the content of the application as originally filed (Article 19(2) and 
34(2) (b), PCT). 



Form PCT/Separate Sheet/409 (Sheet 2) (EPG-April 1997) 



INTERNATIONAL PRELIMINARY International application No. PCT/E POO/01 734 
EXAMINATION REPORT - SEPARATE SHEET 

In order to facilitate the examination of the conformity of the amended application 
with the requirements of Article 34(2)(b) PCT. the applicant is requested to clearly 
identify the amendments carried out, no matter whether they concern 
amendments by addition, replacement or deletion, and to indicate the passages of 
the application as filed on which these amendments are based (see also Rule 
66.8(a) PCT). 

If the applicant regards it as appropriate these indications could be submitted in 
handwritten form on a copy of the relevant parts of the application as filed. 




Form PCT/Separate Sheet/409 (Sheet 3) (EPO-April 1997) 



iENT COOPERATION TREATY . -r . -I O 

09/913418 



From the INTERNATIONAL SEARCHING AUTHORITY 


PCT 


To: 

MOTOROLA 

European Intel. Property Operations 

Attn. LICHTFIELD, Laura 

Midpoint, Alencon Link / 

Basingstoke / 

Hampshire RG21 7PL 

UNITED KINGDOM 

\ 


NOTIFICATION OF TRANSMITTAL OF 
— THE INTERN^IONAL SEARCH REPORT 

(PCT Rulfe 44.1) 

1 1 AUG 2000 j 


Date of r^mi t: IN 1' / 

s^oay/fnonrnjyeg^ 1 , 1 1/0^/2000 


Applicanf s or agenf s file reference 

CM00565P/PCT 


FOR FURTHER ACTION See paragraphs 1 and 4 below 


International application No. 
PCT/EP 00/01734 


International filing date 
(Oay/mor^th/yBar) 25/02/2000 


Applicant 

MOTOROLA LTD. et al . 



1. The applicant is hereby notified that the International Search Report has been established and is transmitted herewith. 
Filing of amendments and statement under Article 19: 

The applicant is entitled, if he so wishes, to amend the claims of the International Application (see Rule 46): 

When? The time limit for filing such amendments is normally 2 months from the date of transmittal of the 
Intemational Search Report; however, for more details, see the notes on the accompanying sheet. 



Where? Directly to the Intemational Bureau of WlPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 
Fascimile No.: (41-22) 740.14.35 

For more detalleo Snstructlons, see the notes on the accomF>anying sheet 

2. I — I The applicant is hereby notified that no Intemational Search Report will be established andtliatThe aeciaration unoer^ 
' — ' Article 17(2)(a) to that effect is transmitted herewith. 



3. Q Wtth regard tc the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that 

□ the protest together with the decision thereon has been transmitted to the International Bureau together with the 
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices. 



no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 



4. Further actlon(s): The applicant is reminded of the following: 

Shortly after 18 mosiths from the priority date, the international application will be published by the International Bureau. 
If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the 
priority claim, must reach the International Bureau as provided in Rules SOb/s.l and 90£)/s.3, respectively, before the 
completion of the technical preparations for intemational publication. 

Within 1 9 months from the priority date, a demand for international preliminary examination must be filed if the applicant 
wishes to postpone the entry into the national phase until 30 months from the priority date (in some Offices even later). 



Within 20 months from the priority date, the applicant must perform the prescribed acts for entry into the national phase 
before all designated Offices which have not t>e6n elected in the demand or in a later election within 19 months from the 
priority date or could not he elected because they are not tx)und by Chapter II. 





Name and mailing address of the International Searching Authority 
^ European Patent Office, P.B. 5818 Patentlaan 2 
Jjft NL-2280 HV Rijswijk 

Qm Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
iSSf Fflv (+r^i -70) a-io-rv^ 1 fi 


Authorized officer 

Mareike Zambuto 



Form PCT/ISA/220 (July 1998) 



DOCKETED 
ElPO 



-fc=> 



nOTE^b FORM PCT/ISA/220 



These istotes are intended to give the basic instaictions concerning the filing of amerYdments under article 19. The 
Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Administrative Instructions 
under that Treaty. In case of discrepancy tsetween these Notes and those requirements, the latter are applicable. For more 
detailed information, see also the PCT Applicant's Guide, a publication of WIPO. 

In these Notes, "Article*, "Rule", and "Section" refer to the provisions of the PCT, the PCT Regulations and the PCT 
Admintstrative Instructions respectively. 



INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19 



The applicant has, after having received the international search report, one opportunity to amend the claims of the 
international application. It should however be emphasized that, since all parts of the intematbnal applicaiion (claims, 
description and cfrawings) may be amended during the intemational preliminary examination procedure, there is usually 
no need to file amendments of the claims under Article 1 9 except where, e.g. the applicant wants the latter to fc>e published 
for the purposes of provisional protection or has another reason for amending the claims before international pbulication. 
Furthermore, it should be emphasized that provisional protection is available in some States only. 



What p»ts of the Intemational application may be amended? 

Under Article 1 9, only the claims may be amended 

During the international phase, the claims may also be amended (or further amended) under Article 34 before 
the International Preliminary Examining Authority. The description arKl drawings may only be amended under 
Article 34 before the Intemational Examining Authority. 

Upon entry into the national phase, all parts of the intemational application may t^e amended under Articte 28 
or, where applicable, Article 41 . 



When? Within 2 months from the date of transmittal of the intemational search report or 1 6 months from the priority 

date, whichever time limit expires later. It should be noted, however, that the amendments will be considered 
as having been received on time if they are received by the Intemational Bureau after the expiration of the 
applicable time limit but before the completion of the technical preparations for intemational putalication 
(Rule 46.1). 



Where not to file the amendments? 

The amendments may only t)e filed with the Intemational Bureau and not with the receiving Office or the 
Intemational Searching Authority (Rule 46.2). 

Where a demand for intemational preliminary examination has been As filed, see below. 



How? Either by cancelling one or more entire claims, by adding one or more new claims or by amending the text of 

one or more of the claims as filed. 

A replacement sheet must be submitted for each sheet of the cfatms which, on account of an amendment or 
amendments^ differs from the sheet originally fried. 

All the claims appearing on a replacement sheet must be numbered in Arabic numerals. Where a claim is 
cancelled, no renumtsering of this other claims is required. In all cases where daints are renumbered, they must 
be renumbered consecutively (Administrative Instructions, Section 205(b)). 

The amendments must be made In the language In which the Intemational application Is to be published. 



What documents must/may aceompany the amendments? 
Letter (Section 205(b)): 

The amendments must t>e submitted with a letter. 

The letter will not be published with the intemational application and the amended claims. It should not be 
confused with the 'Statement under Article 1 9(1)' (see below, under 'Statement under Article 19(1)*). 

The letter must be In English or French, at the choice of the applicant. However, If the language of the 
intemational application Is English, ttie letter must be In English; If the language of the International application 
Is French, the letter must be In French. 



IMotes to Fomi PCT/ISA/220 (first sheet) (January 1994) 

BNSDOCID: <XSISA220NOENP4J_> 



S TO FORM PCT/ISA/220 (contlnuedf^ 



The letter must indicate the differences between the claims as filed and the claims as ameruied. It must, in 
particular, indicate, in connection with each claim appearing in the international application (it being ur^erstood 
that identical indications concerning several claims may be grouped),whether 

(i) the claim is unchanged; 

(rf) the claim is cancelled; 

(iii) the claim is new; 

(iv) the claim replaces one or more claims as filed; 

(v) the claim is the result of the division of a claim as filed. 



The following examples illustrate the manner In which amendments must be explained In the 
accompanying letter: 

1 . [Where originally there were 48 claims and after amendment of some claims there are 51 ]: 
'Claims 1 to 29, 31 . 32. 34, 35, 37 to 48 replaced t>y amended claims bearing the same numbers; 
dainrrs 30, 33 and 36 unchanged; new claims 49 to 51 added.* 

2. [Where originally there were 1 5 claims and after amendment of all claims there are 11]: 
"Claims 1 to 1 5 replaced by amended claims 1 to 1 1 .* 

3. [Where originally there were 1 4 claims and the amendments consist in cancelling some claims and in adcing 
new claims): 

"Claims 1 to 6 and 14 unchanged; claims 7 to 13 cancelled; new claims 15, 16 and 17 added." or 
"Claims 7 to 13 cancelled; new claims 15, 16 and 17 added; all other claims ur>changed." 

4. [Where various kinds of amendments are made]: 

"Claims 1*10 unchanged; claims 1 1 to 1 3, 1 8 and 1 9 cancelled; claims 1 4, 1 5 and 1 6 replaced by amended 
daim 1 4; claim 1 7 subdivided into amended daima 15,16 and 1 7; new claims 20 and 21 added." 



"Statement under article 19(1)** (Rule 46.4) 

The amendments may be accompanied by a statement explaining the amendments and indicating any impact 
that such amendments might have on the description and the drawings (which cannot be amernied under 
Artide19(1)). 

The statement will be published with the intemationaj application and the amended claims. 
It must be In the language in which the International appplicaUon is to be published. 

It must be brief, not exceeding 500 words if in English or if translated into English. 

It should not be confused with and does not replace the letter indicating the cfifferences between the claims 
as filed and as amended. It must be filed on a separate sheet arKi must t>e identified as such by a heading, 
preferably by using the words "Statement under Article 1 9(1)." 

It may not contain any disparaging comments on the international search report or the relevance of citations 
contained in that report. Reference to citations, relevant to a given claim, contained in the international search 
report may t>e made only in connection with an amendment of that claim. 



Consequence If a demand for International preliminary examination has already been filed 

If, at the time of filing any amendments under Article 1 9, a demand for international preliminary examination 
has already been submitted, the applicant must preferably, at the same time of filing the amendments with the 
Intemational Sureau, also file a copy of such amendments with the International Preliminary Examining 
Authority (see Rule 62.2(a). first sentence). 



Consequence with regard to translation of the Intematlonat application for entry Into the national phase 

The applicant's attention is drawn to the fact that, where upon entry into the national phase, a translation of the 
daims as amended under Article 19 may have to be furnished to the designated/elected Offices, instead of, or 
in addition to, the translation of the daims as filed. 

For further details on the requirements of each designated/elected Office, see Volume II of the PCT Applicant's 
Guide. 



Notes to Fomn PCT/ISA/220 (second sheet) (January 1994) 



BNSOOCID: <XStSA220NOENP4J_> 



